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INTRODUCTION

Project description: To explore and develop protocols for drying blood platelet
preparations for extended storage without undue compromise of hemostatic function
or cell integrity upon rehydration. A successful project outcome would greatly
facilitate the use of platelets in the medical support of combat casualties with
severe blood loss, major surgical repair, or extensive burn injury. The three
collaborating performance sites are bringing together expertise in cell
stabilization techniques and platelet function testing both in vitro and in vivo.
The ultimate goal is to identify a practical procedure to produce a stabilized
platelet preparation that can be stored virtually indefinitely while maintaining
transfusion efficacy. Such a product would also be useful in civilian blood
banking.

The third year of this-grant saw advancement of the animal model studies
testing the hemostatic capabilities and circulatory survival of dried platelets
stabilized with paraformaldehyde, refinement of an alternative platelet
stabilization method using permanganate and trehalose, and an initial study of
dried RBC in an in vivo circulatory model. In normal canine experimental
subjects, rehydrated canine platelets were found in circulation for at least 24
hours after infusion; similar results were obtained in bleeder pigs (a congenital
strain with von Willebrand’s disease). Rehydrated platelets were shown to adhere
to subendothelium in situ when the animal subjects were exposed to a vessel
stenosis and injury protocol or subjected to a bleeding time test. Testing was
also performed, although not previously planned, with a new instrument under
development to assess an in vitro bleeding time for platelet or whole blood
preparations. Our results show that rehydrated human platelets can substitute
adequately for fresh platelets. Further such testing will be Timited by the
availability of this instrument.

Progress on development of the permanganate stabilization and freeze-drying
protocol for platelets was hampered by six months of downtime on the shelf
lyophilizer unit. However, we processed and evaluated ten separate human blood
platelet preparations with subdivided protocols to optimize each step within the
basic procedure. Arrangements are now being pursued to obtain large quantities
of canine or swine blood for permanganate preparations suitable for use in the
animal models already being employed in testing of the paraformaldehyde-
stabilized platelets. We plan also to repeat testing of dried RBC in animal
models to extend our findings in the initial successful circulation of rehydrated
canine RBC in a normal dog.

PATENTS AND EXTENSION OF PROJECT

No further publication of abstracts since noted in the last annual report,
nor any submission of manuscripts has occurred related to this project activity
because of declaration of interests in pursuing patent protection of the subject
invention. Disclosures were made by the investigators to the institutional
patent committees in June, 1991, followed by generation of inter-institutional
patent sharing agreements and notification of the Office of Naval Research of
election of title by the Universities. The biomedical research division of
Armour Pharmaceutical Co., has agreed to help support the filing of a patent and
to further commercialization of the freeze-dried platelet product. However, as




of the date of this writing, no filing has yet been made in the U.S. Patent
Office.

A no-cost extension of this project was granted thru July 31, 1992, to
support work originally defined in the project workscope but delayed by breakdown
of the lyophilizer. In addition, another three year workplan has been approved
and funded by the Office of Naval Research to carry this project further toward
precliinical human trials of freeze-dried platelets. The objectives in the new
grant include safety and toxicity testing of these preparations, extensive
evaluation of physiologic and functional properties of rehydrated platelets, and
the practicality of making sterile preparations in unit dose proportions. One
spin-off advantage of the paraformaldehyde and permanganate protocols already
under development 1is that those stabilization agents may be effective
antimicrobial and antiviral methods in reducing the risk of transmission of
infectious pathogens by transfusion products. The blood supply may actually be
made much safer in terms of infectious risk with these preparation protocols.

Attached are subcontract reports from the other performance sites.
Specific details on process procedures, especially refinement of paraformaldehyde
or permanganate stabilization steps and addition of water replacement molecules
must be kept from publication until a patent application has been filed. This
should occur before the final report is due at the end of the no-cost extension.
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The purpgcse of this study was to prepare
dried/rehydrated platelets and RBCs that could be used as
transfusion products. We prcposed to use rehydrated
platelets 2s substitutes for cr zddition to fresh plateletxs
to restore hemcstasis without pathologic thrembosis.

Y

A. Studies conducted during 1991.

During the past year we have produced a2 rehydrated
rlatelet product that has been safely infuced into animale,
normal pige and deges and bleeder pigs. We have collected
blood samples 2t time Intervaels and established that
rehydrated platelets will circulate for zt least 24 hours.
The rehydrated platelets were fcund to acdhere tc the
bleeding time wound edge ané to injured agrteries. Rehydrated
platelets were also found in formed thrombi and in some
organs.

1. Refinement of the dried platelet procedure. During
the year adjustments and changes have been made in time of
fixation, and in the temperature and cencentration of
fixative. These parameters are important and critical to the
preservation of the surface receptors necessary for nornmal
agglutination and adhesion of platelets.

2, Chemical labeling of dried and rehvdrated platelets.
Since we are using rehydrated platelets in live =nimals
which must be sublected to surgical prozedures, we do rnot
wish to use radioisotopes tc lebtel klood cells. Incstezd, we
have selected a fluorescent label which labels the lipid in
the cell membrane ané does not appear to leak c» leackh fron
the ¢ell. Conditions for successfully labeling dlood cell
must be determined by trial and error. All protein must be
removed from the mixture In order for the cells to take up
the dye. An overabundance of dye will rupture the cells.

We have successfully labeled both platelets and RBCs and
have found zpprcpriately lzbeled cells to be safe for :in
viveo studies. The 2bility to lasbel cells with markers cthe>
than radioisctopes has greatly enhanced our akility to wory
with these ¢elle in znimals.

3._Studies of hemostatic effectiveness cf rehvdrategd
Rlatelets infused irtc ncrmal pigs and docgs. Rehydrated
platelets were found to remzin in circulation for at least
24 hours in a normal dcg. When animals were subiected to
the stencsis and insury protocel, it was found *+hat
rehydrated, lalbeled platelets were present in <the
micrethrombi 2nd acdhering te the denuded subrndothelijum.
Labeled platelets were mlso seen =2long the wound edges and
in organs =such zs the spleern, liver, znd lung. The presence
of these labeled rehydrated plaztelets in organs indicated
that these cells did circulate, ard were not immediatly
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removed, Platelets seen in the cletted bHleed were sdherent
to fibrin strands sleng with fresh plztelets.

4. Studies with rehvdrated platelets in bleeder pics.
Rehydrated platelets were infused intc a bleeder znig which
2lso underwent the stencsis =and injury protocol. Results
were nixed., Few platelets were seen 40 adkere 5 the
bleeding time wocund, an expected result, since bleeder pigs

have no von Willebrand factor. However, they did circulate
and were presgent in areas cf the lung that had trauma
Injury. This finding could not be fully znalysed since
uninjured sections of the lung were not availakle for
compariscn. However it was promising that rehydreatsd
platelets were in the injured azrezs. In this animal,
rehydrated platelets alcne did not correct the tleeding
time, which was not totally unexpected., The velume of
platelets given was probably not svificient %o ¢orrect
bleeding time even if vWF had been added. In other studies
with two bleeder pigs with traumz injuries to the tail, tk
pigs. were trezted with rehydrated platelets. Bleeding was
temporarily arrested, Sut recurred when the injured tail was
bruched against the cage cr houzing wall, There were nc
indicaticns of any adverse reacticns to the 3dnfused
rehydrated platelets even though the preparation was frem
cseveral different pigs. Further in vivo studies are needed
to confirm and document the hemestatic value of the
rehycdrated plateletcs.

o
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5., Development of ar in vitro bleeding time *ess for
evaluation of rekydrated platelets pricr to in vivo testing.
We have tegun testing each batch cf rehydrated platelets
with an instrument called the.Clot Signature Analyzer (CSR)
prioxr to infusion into animals. This instrument is in th
clinical testing stage 2¢ an in vitro means of determining
bleeding time (8T). Anticoaguleated blood samples are pacsed
through tubing under controlled conditions. 2 z=mall) hole is
Duanchked in the tubing wall. As blood passes through the
opening, platelets are deposited on the edge of the punched
tubing., The time tc build up of platelets to close the
opening and prevent "bleeding" is taken as the in vitro
bleeding time. We have tested norral blood and normal blced
with nermsl platelets replaced with rehydrated platelets.

We heve 2lso tested von Willebrarnd deficient whole tlood and
vWD blood with VWD platelets replaced with rehydrated normsl
platelets. Results to date indicate that rehydrated
platelets can be successfully substituted for fresh
platelets. Rehydrated plztelets produced a bleeding time
comparable to that of fresh platelets in the huran system.
Additional wcrk needs to be done to evaluate canine
rehydrated platelets which are being used in the anima2l
model. The use of %this instrurent offers us a means to
evaluate individual platelet betches pricr to whole animal
experiments. We have Qata on both pigs and dogs, but
completion of the testing is being held up due to repairs tc
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the instrument which had to be shipped back toc t
manufacturer, The CSA ie one of the most promising new
in vitro BT test cystems pressntly avaible.

€. Studies with rehydrated REBC. We have continued to
develop methods of p*eee*v-nu red blood cells that will

allow us to dry and *ehydrate the cells. To date we have
severzl protocols for red cell preservation. Only one
preparation has been infused into a dog. The rehyd* ted RRC
were labeled with a fluorescent dye and blcod samplec
collected for study. Rehydrated RBC were observed in
circulation with no evidence of adverce reaction. The dog
was sacrifjced and tissue samples taken for study.

B. Site visit held at UNC for ONR Grant renewal.

We were site visited in Chapel Eill, N. C. on Novenmber
21, 1991. Site visitors were Czptein Stephen lewis and
Dr. Robert Voleri, Participents were Dean Bonduvant, Dezn,
UNC School of Medicine, Dr. Grishem, Chairman, Department cf
Pathology, Dr. Jacobs, ECU Vice Chancellor, Dr. Rober:is,
The Director of Hemostasis and Throrbosis at UNC, znd the
principle investigatores, Drs. Read, Reddick and Bode.

C. Patent. We have been uegot*at*ng with Arnmour to produce
2 patent application for the rehydrated platelets as
therapeutic products. The patent application is now in the
process of weing drafted.

D. Publications. Publications are being withheld until the

patent zpplication is filed. "We snticipete a2t lezast two
publications immediately post filing.
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y?'f_f'_ii,j . o ;Pnocnass REPORT ON LYOPHILIZED SAMPLES 91/92
: Lo , - FROM ARC, MID ATLANTIC REGION

Jore

 LYOPHILI2ED PLATELET SAMPLES

We have tested four lyophilized platelet samples processed with
- 0401-% KMO4 + S00mM Trehalese/Tris, The samples were washed and
rezuspandad in Unisol platnlnt storags medius for in vitro

,“testipq.A:

+ 2 nmL of Unisol was added to the samples with resuspension of the
. lyophilized platelets. Platelet count and size distribution were
performed using a Coulter counter to measure platelet yield and
' mean volume. -
Platelet shape change with ADP and the hypotonic shock response
were tested in a Chrono-log Aggregometer and responses determined -

by changes in light transmission.

The average platelet counts of the samples were 1.06 x 10%6 with

a normal size distribution and a mean volume of 7.2 um*3 which is .
normal and does not indicate swollen or fragmented platelets.
-Thls was confirmed by morphologic examination of the sample which
shevwed on the avarsge 45 § with normal digecid morphoivyy.

However, the platelet did not respond to extent of shape change
with ADP or had any recovery response to hypotonic shock,

‘indicating that they were not functional.
LYOPEILIZED RBC SAMPLES. ,

- Rehydration of eigth lyophilized red cell samples using either
KMnO4, trehalose or sucrose as preservatives were performed by

. addition of red cell preservation medium used in storage of red
cells. As shown in attachement the rehydrated samples
contained less than five percent intact red cells, Part of the
problem could be the resuspension medium . We plan to
investigate the suitability of various commercially available RBC
additive solutions used in storage as resuspension medium, Once
we have been able to obtain non-hemolyzed lyophilized RBC,
testing will be performed to measure deformability by filtration
and viability by levels of ATP.
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. ... PROPOSAL FOR STUDIES THE COMING YEAR

oEERS

' 'INVESTIGATION OF PHYSIOLOGIC, METABOLIC AND FUNCTIONAL
- PROPERTIES OF LYOPHILIZED PLATELETS.

_ﬁdckﬁfoﬁnd‘qu objeétive.

. A very promising finding last year was that ligthly
paraformaldehyde fixed platelets tolerated lyophilization, and
after resuspension in citrated plasma demonstrated well
preserved morphology and maintenance of functional properties
such as adhesion and a shape change response to the agonist ADP,

.. This suggested that these platelets were still viable with intact
- 'metabolic and functional properties.
~ - . .. The main goal in the the forthcoming year will be to establish
- +. ~.the maximal exposure in time and concentration to
paraformaldehyde of the platelets that is needed for
-lyophilzation, while still maintaining normal platelet
‘physiologic, metabelic and functional properties,

~ Protocol.

- 1 day old standard CPD-anticoagulated platelet concentrates (PC)
will be obtained from ARC, Mid-Atlantic Region.

'Samples of 5 mL PC will be exposed to different concentations of
paraformaldehyde (0.25 % ~ 2 %) in a phoshate/acetate containing
platslet storage medium (Setosgl) for various periods of time
(10-60 min) at 20-24 C. A volume ratio of 1 part PC to 3 parts
paraformaldehyde-Setosol will be used,

After the fixation samples will be counted and be sent to Dr. M.
Read, Chapel Hill for lyophilization. The lyophilized samples

- will be returned to the ARC laboratory in Norfolk for evaluation
of platelet yield and metabolic and functional properties.

" In vitro assays.

. .The Setosol suspended platelets will be washed once and

- resuspended in autologous CPD-plasma for in vitro testing.
Comparison will be performed with stored standard CPD-~
anticoagulated platelet concentrates,

Platelet spreading on glass.

A small sample will be added to a microscopic slide to examine
the ability of the platelets to spread on glass. This property
involves the change of platelet morphology from smooth discs to a
pancake appearance with pseudopods and requires the intactness of
the platelet cytoskeleton and normal energy metabolism.
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i Platelet respiratory rate, glycolytic rate and levels of adenine
-nucleotides.

These .measurements of platelet energy metabolism will be
performed as described previously. Briefly, CPD-plasma diluted PC

- (" count: 300,000 plts/uL) will be transferred to an air-tight

syringe and incubated for 2 hours at 37 C in a water bath. Before

. ‘and after incubation samples will be taken for measurement of

- .. oxygen uptake, glucose consumption, lactate production and levels
- of ATP, ADP AMP and hypoxanthine., pH, p0O2, pCO2 levels will be

-~ determined with a gas analyzer, levels of lactate and glucose by

... stendard enzymatic assays, adenine nuleotides and their

- breakdown product hypoxanthine by HPLC.
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ATTACHMENT
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“jAll of the aamples were thawed out or 1 ml. of the storage medium
- "Unisol was added to the lyophilized samples for resuspension. The
. samples were examined under the microscope. The majority of the
. cells in all the samples were ghost cells with few remaining intact
é red blood cells.

i
i

o, sanpl. '901022 1M Trehalose 25mM KCi ETOH
"‘?;~1ﬁllnthln 1% intact red blood cells (rbcs).

.-i

R 3 ,.l‘."

f“é. Sample 901022 800mM Trehalose 25mM KC1 ETOH

5% intact rhes.

3. sample 901016 250mM Sucrose 25mM KC1 ETOH

‘Lcnl thnn 1% intaot rbes.

';4.'samp1o 901016 250m¥ Trehalose 25mM KC1 ETOH

<VLOII than 1% intact rbes.,

5. sample 901022 800mM Sucrose 25mM KCl ETOH

Less than 1% intact rbes.

" 6. sample 901022 1M Sucrose 25mM KC1 ETOH

1 to 28 intact rbcs.

'_7;'samplo 910201 0.5% KMnO4 1M Sucrose

5% 1ntact rbcs.

;8..snmplc 910201 1,0% KMnO4 1M Sucrose

"Lcll than lt intact rbes.
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